This article reports the first rigorous evidence for the existence of N-glycans in Giardia intestinalis, a parasite that is a widespread human pathogen, being a major cause of enteric disease in the world. Excreted/secreted molecules of G. intestinalis are known to stimulate the immune system. Structural strategies based on MALDI and electrospray mass spectrometry were employed to examine the excreted/secreted molecules for their N-glycan content. These revealed that the major oligosaccharides released by peptide N-glycosidase F are complex-type structures and correspond to bi-, and triantennary structures without core (␣1,6) fucosylation. The major nonreducing epitopes in these complex-type glycans are: Gal␤1-4GlcNAc (LacNAc) and NeuAc ␣2-6Gal␤1-4GlcNAc (sialylated LacNAc).
Introduction
Giardia intestinalis (syn. G. lamblia or G. duodenalis) is a binucleated flagellated parasite that stays in the upper part of the small intestine of human and mammals hosts (Adam, 1991) . Infections occur both in developing and developed countries in all climate zones. In Asia, Africa, and Latin America, about 200 million people have symptomatic giardiasis and some 500,000 new cases are reported each year (Upcroft and Upcroft, 1998) . Giardiasis is associated with a wide range of clinical signs and varies in severity from asymptomatic to severe gastrointestinal and allergic disease (Olson et al., 2000) . Signs and symptoms include flatulence, diarrhea, epigastric pain and distress, nausea, and weight loss (Ferguson et al., 1990) . Transmission of giardiasis often occurs through fecal-oral routes via infected water (Flanagan, 1992) . The parasite exists in two main life forms, trophozoites and cysts. The trophozoite is responsible for pathogenesis, and the cyst serves in the transmission of the parasite to new hosts (Adam, 1991) .
The surface molecules and/or excretory/secretory products (E/S) of the parasite are of considerable interest because they provide the interface with the host. All mechanisms of parasite evasion and host protection should mainly concern these molecules. It is well known that parasite antigens, either on the surface or excreted-secreted proteins of G. intestinalis, stimulate the immune system (Jiménez et al., 2004) . In previous studies, the presence of glycoproteins of soluble extracts or cysts preparations from G. intestinalis have been identified (Hiltpold et al., 2000; Ward et al., 1988) . The role of carbohydrates in the host-parasite interaction of G. intestinalis was connected to the adhesion mechanisms to the intestinal mucosa (Magne et al., 1991; Pegado and de Souza, 1994) . In addition, a lectin designated taglin, which binds to mannose-6-phosphate and is activated by trypsin, has also been characterized (Ward et al., 1987) . Previous results have shown that D-glucose and mannose-6-phosphate can partially inhibit the attachment of G. duodenalis to the human colon carcinoma CaCo 2 cell line (Magne et al., 1991) . Studies carried out on the process of parasitic protozoa-host cell interaction have shown the significant involvement of surface glycoconjugates. However, the precise structures of these glycoconjugates and their roles in the induction of immune response in G. intestinalis are not known.
In the work presented herein, we report the first structural analysis of glycans released from E/S products of G. intestinalis by peptide N-glycosidase F digestion. We established using matrix-assisted laser desorption ionization (MALDI) mass spectrometry (MS) and electrospray MS analysis that the major oligosaccharides are complex-type structures and correspond to bi-and triantennary structures without core (α1,6) fucosylation. The major nonreducing epitopes in these complex-type glycans are Galβ1-4GlcNAc (LacNAc) and NeuAc α2-6Galβ1-4GlcNAc (sialylated LacNAc).
Results

Structural analysis strategy
Experimental strategies based on derivatization, chemical hydrolysis, exoglycosidase digestions, MALDI-MS, electrospray ionization-quadrupole ion trap (IT) MS, and gas chromatography (GC) MS were employed to characterize the glycans of Giardia E/S products.
To facilitate the release of N-glycans without resorting to detergent denaturation, reduced/carboxymethylated Giardia E/S products were first digested with trypsin. Glycans were then released from the resulting peptides/glycopeptides by digestion with peptide N-glycosidase F (PNGase F). PNGase F released oligosaccharides were separated from peptides and glycopeptides using a C18 Sep-Pak, and their methylated derivatives were characterized by MALDI-MS before and after sequential exoglycosidase digestions, by IT-MS, and by linkage analysis. Putative O-glycans were released by reductive elimination, permethylated, and purified on a Sep-Pak cartridge. Because of the availability of only limited amounts of material, the oligosaccharides were analyzed as mixtures.
Monosaccharide composition of N-glycans released by PNGase F
The monosaccharide composition of the mixture of PNGase F released oligosaccharides from Giardia E/S products was determined by GC-MS analysis of the trimethylsilylated derivatives of the methyl glycosides. Galactose, mannose, Nacetylglucosamine, and N-acetylneuraminic acid were all detected at a molar ratio of ~2.8:3:4.8:2.8 (data not shown).
MALD-MS of permethylated N-glycans released
by PNGase F N-glycans were released from Giardia E/S products by digestion with PNGase F. After purification by Sep-Pak, they were permethylated and analyzed by MALDI-MS. The permethylation derivatization of oligosaccharides increases the sensitivity of the detection of molecular ions. The composition of the molecular ions as deduced from their precise m/z values, when considered in conjunction with methylation analysis data, allow important structural conclusions to be drawn on picomolar amounts of components.
Data from MALDI-MS of permethylated PNGase F released glycans are shown in Figure 1 Table I . These results are fully consistent with complex-type structures being the constituents of the N-glycan population. Key features of these data are as follows.
(1) 3,6 Man and 4-GlcNAc are components of the core of all N-glycans; the absence of detectable levels of 3,4,6-Man indicates that bisecting GlcNAc is unlikely to be present. (2) The presence of comparable levels of 2-Man, 2,4-Man, and 2,6-Man is consistent with bi-and triantennary complex-type glycans being dominant components of the glycan mixture. (3) The presence of terminal Gal is convincing evidence for some of the complex-type glycans having this sugar at their nonreducing termini and corroborates the presence of antenna containing Hex-HexNAc. (4) After desialylation, 6-linked Gal and the minor 3,4-linked GlcNAc disappear, and there is a concomitant increase in terminal Gal and 4 linkedGlcNAc, indicating that sialic acid residues were attached to the 6-position of Gal and to the 3-position of the 3,4-linked GlcNAc prior desialylation.
IT-MS of permethylated N-glycans released by PNGase F
To confirm the localization of the "fourth" Neu5Ac residue in the triantennary structure (NeuAc 4 Hex 6 HexNAc 5 ), where Neu5Ac is usually located at nonreducing termini, the permethylated N-glycans were analyzed by IT-MS. The utility of IT-MS for the characterization of permethylated oligosaccharides and N-linked protein oligosaccharide mixtures was reported by several groups (Delaney and Vouros, 2001; Sheeley and Reinhold, 1998; Viseux et al., 1998; Weiskopf et al., 1997 Weiskopf et al., , 1998 . Tandem MS (MS-MS) experiments with orders higher than two offer a number of ways to enhance MS-MS spectra and to derive information not present in MS and MS 2 spectra.
The spectrum obtained from the ion trap is presented in Figure 2A . When analyzed in this system, permethylated glycans form sodiated molecular adducts. The spectrum in Figure 2B shows the fragmentation of the triply charged tetrasialo triantennary glycan, TriNA 4 (m/z 1337 3+ ). The spectrum is characterized by intense fragments corresponding to single losses of neuraminic acid (m/z 1211. ion at m/z 847.3) and thus is derived from the nonreducing terminal lactosamine moiety containing the fourth Neu5Ac moiety.
Fragmentation of the ion at m/z 1618 2+ , triNA 2 (OH) 2 provided the spectrum in Figure 3A . The major product ion correspond to a single loss of neuraminic acid, TriNA 1 (OH) 3 (m/z 1431.0 2+ ). Isolation of this fragment, and removal of the last neuraminyl residue, MS 5 , provided the spectrum in Figure 3B . Fragmentation is diagrammed above the MS 5 spectrum. Fragment ions at m/z 1206.5 2+ , 1213.2 2+ , 1243.0 2+ , and 1328.9 2+ correspond to neutral losses (e.g., HO-Hex-HexNAc, HO-Hex-(HO)-HexNAc, NeuAc, and HO-Hex, respectively). Furthermore, the fragment ions at m/z 847 (Neu5Ac-Hex-HexNAc) and 1018 indicate that a single NeuAc present in the TriNA 1 (OH) 3 is located on a monosialyl Hex-HexNAc moiety. However, the fragment ion at m/z 1751 demonstrates the presence of NeuAc-Hex-(HO)-HexNAc or (HO)-Hex-(NeuAc)-HexNAc containing species, indicating that the precursor ion at m/z 1430 2+ is a mixture of several species. Therefore these results confirm that the triantennary structure NeuAc 4 Hex 6 HexNAc 5 corresponds to several species where the fourth Neu5Ac residue is located on the GlcNAc residue. Indeed, original neuraminyl sites may be identified within a fragment by a mass shift 14 Da lower than the fully methylated oligosaccharide, signifying an "open" hydroxyl residue geenrated on neuraminyl loss (Sheeley and Reinhold, 1998) . This was detected in MS 3 ( Figure 2C ) and MS 4 ( Figure 3A ) for the fragment m/z 833.3, Neu5Ac-Gal-(HO)-GlcNAc or (HO)-Gal-(Neu5Ac)GlcNAc. Moreover, in the MS 5 experiment, the fragment ion at m/z 1751 confirm the presence of NeuAcHex-(HO)-HexNAc or (HO)-Hex-(NeuAc)-HexNAc containing species.
The same experiments were carried out on the other triantennary structure (NeuAc 3 Hex 6 HexNAc 5 , m/z 1217.3 3+ ) to localize the Neu5Ac residues. In these MS-MS experiments, one nonreducing fragment was observed at m/ z 847.3 (Neu5Ac-Hex-HexNAc), suggesting that the Neu5Ac residues were located at nonreducing termini (data not shown).
O-linked glycosylation
Reductive β-elimination on material previously digested with PNGase F did not give any monosaccharides when analyzed by GC-MS analysis of the trimethylsilylated derivatives of the methyl glycosides (data not shown). Putative O-glycans were also permethylated, purified on a Sep-Pak cartridge, and analyzed by MALDI-MS. No molecular ions corresponding to O-glycans were observed (data not shown). Thus we could find no evidence that O-linked glycans were an important component of Giardia E/S products.
Sequential exo-glycosidase digestions
To define the anomeric configurations as well as to confirm tentative sequences, N-glycans released by PNGase F were subjected to treatment with α-sialidase, followed by β-galactosidase, β-N-acetylhexosaminidase, and α-mannosidase digestion. Aliquots were taken after each digestion, permethylated, and examined by MALDI-MS and linkage analysis after reverse phase Sep-Pak C18 purification.
After neuraminidase treatment, the MALDI-MS data indicated that as expected, all sialylated molecular ions previously described ( Figure 1 ) were reduced in molecular weight consistent with the loss of two, three, or four sialic acid residues ( Figure 4A ). Two molecular ions were observed that correspond to Hex 6 HexNAc 5 (m/z 2519), and Hex 5 HexNAc 4 (m/z 2070). Thus the NeuAc residues are in normal α linkages. Comparison of linkage data before and after sialidase treatment indicated that removal of terminal α-NeuAc residues is accompanied by the loss of the 6-linked Gal, the minor 3-linked Gal, and the 3,4-linked GlcNAc (Table I ). These data establish that α-NeuAc residues were attached to the 6-and to the 3-position of Gal and to the 3-position of the 3,4-linked GlcNAc prior desialylation.
After β-galactosidase treatment, two molecular ions were observed that correspond to Hex 3 HexNAc 4 (m/z 1662), and Hex 3 HexNAc 5 (m/z 1907). The data indicated that the components were efficiently degalactosylated by β-galactosidase from bovine testes ( Figure 4B ). Methylation analysis showed that the loss of terminal β-Gal residues is accompanied by a decrease in 4-linked GlcNAc and a concomitant increase in terminal GlcNAc. After β-N-acetylhexosaminidase treatment ( Figure 4C ), the molecular ions at m/z 1662 (Hex 3 HexNAc 4 ) and 1907 (Hex 3 HexNAc 5 ) were abolished, concomitant with the appearance of two new signals at m/z 1171 and 1416, which correspond respectively to Hex 3 HexNAc 2 and Hex 3 HexNAc 3 .
Comparison of linkage data before and after β-N-acetylhexosaminidase treatment indicated that loss of terminal β-GlcNAc residues is accompanied by a decrease in 2-linked Man, 2,4-linked Man, 2,6-linked Man, and a concomitant increase of terminal Man.
After α-mannosidase treatment ( Figure 4D ), the MALDI-MS data indicated that as expected, the molecular ion at m/z 1171 (Hex 3 HexNAc 2 ) has shifted to Hex 1 HexNAc 2 (m/z 763), and Hex 2 HexNAc 2 (m/z 967).
Assignment of oligosaccharide structures
Taking into consideration the MALDI-MS, linkage, and exoglycosidase data, we conclude that the major oligosaccharides released by PNGase F are complex-type structures ( Figure 5 ). The MALDI-MS data and the linkage data suggest that the major oligosaccharides correspond to bi-and triantennary structures without core (α1,6) fucosylation. The major nonreducing epitopes in these complex-type glycans are Galβ1-4GlcNAc (LacNAc) and NeuAcα2-6Galβ1-4GlcNAc (sialylated LacNAc).
Discussion
After ingestion and passage through the stomach and into the small intestine, trophozoites colonize the human upper small intestine. The structure and function of cell surface components and/or E/S products of the parasites that permit them to survive are largely unknown (Guha-Niyogi et al., 2001) . G. intestinalis E/S products may be involved in differentiation mechanisms of the parasite and also be responsible for the mucosal alterations that occur in giardiasis. The presence of cysteine proteases as E/S products has been previously reported (Jiménez et al., 2000) . Glycoproteins are also abundant constituents of the E/S products of parasites. Carbohydrates can play a key role in host parasite interactions, for example, resistance to proteolytic degradation (Papanastasiou et al., 1997) and adhesion through ligandreceptor interactions (Céu Sousa et al., 2001) . Parasite antigens, either on the surface or E/S proteins of G. intestinalis stimulate the immune system (Jiménez et al., 2004) . The carbohydrate chains of the glycoproteins are prime candidates for host-parasite recognition events. Glycoconjugates are increasingly being implicated in immune responses to parasite infections. For example, several heminth species, including schistosomes (Khoo et al., 1997) and Haemonchus contortus (Haslam et al., 1996) , produce unusual N-glycans that have been implicated in the glycan-induced immune responses particularly observed in parasitic helminth infections (Faveeuw et al., 2003) . Therefore rigorous structural studies of carbohydrates of Giardia proteins are an essential prerequisite to exploring their possible involvement in protective immunity and the factor related to the interaction with the host cell (Moncada et al., 2003) . To this end we have undertaken a structural analysis of the N-glycans of the excreted/secreted products of Giardia.
The results presented herein have identified the structures shown in Figure 5 as the major N-linked glycans to be released from the E/S products of G. intestinalis by PNGase F. Only one class of N-glycan structures was observed: complex-type structures (NeuAc 2 Hex 5 HexNAc 4 and NeuAc 2-4 Hex 6 HexNAc 5 ). The major nonreducing epitopes in these complex-type glycans are: Galβ1-4GlcNAc (LacNAc) and NeuAcα2-6Galβ1-4GlcNAc (sialylated LacNAc).
To our knowledge, this is the first report of the isolation and structural characterization of sialylated N-glycans in G. intestinalis. Prior to the present study, knowledge of G. intestinalis protein glycosylation has been limited to a variant-specific surface protein of Giardia, VSP4A1 (Papanastasiou et al., 1997). Papanastasiou and colleagues have shown that a novel type of short O-linked glycans is present on the variant-specific surface protein. The O-linked glycans are unusual in containing a reducing Glc residue substituted with GlcNAc residues in short di-or trisaccharide chains. Other workers have shown that a 49-kDa protein on the surface of G. intestinalis trophozoites is anchored on the cell surface by a glycosylphosphatidylinositol anchor (Das et al., 1991) . Moreover, GP 49 reacts with wheat germ agglutinin, a lectin specific for N-acetylglucosamine or sialic acid residues.
Humoral and cellular immunity are important for clearance of G. intestinalis infections (Faubert, 2000; Langford et al., 2002; Singer and Nash, 2000) . The presence of carbohydrates in the E/S proteins of G. intestinalis may be implicated not only in the adhesion mechanisms but also in the immune response. Thus, glycosylated proteins of E/S proteins of G. intestinalis might be considered potential antigenic targets for immune intervention. Previous results on identification of glycoproteins of membrane-bound and water-soluble protein fractions in trophozoites of three strains have been reported (Guimaraes et al., 2002) . According to Jacobson and Doyle (1996) , all parasites have carbohydrates on their surfaces as part of their cytoskeletons or their internal structures. Sugars such as D-mannose, D-glucose, N-acetyl-D-glucosamine, L-fucose, D-galactose, and N-acetyl-D-galactosamine have been detected in trophozoites of the reference strain WB by other investigators (Ortega-Barria et al., 1990) . Kaur et al. (2001) identified an immunodominant biologically active glycoprotein in the E/ S product of G. intestinalis. This 58 kDa E/S product protein was found to be a lectin since it could bind to sialoglycoconjugates. Several studies indicate the toxic nature of this glycoprotein, though the mechanism of E/S productinduced cytopathic and enterotoxic effects is not yet understood (Buret et al., 1990; Olson et al., 1996; Shant et al., 2002; Williamson et al., 2000) .
The results presented here indicated the presence of Nglycans with a sialic acid linked to both the Gal and GlcNAc residue of LacNAc. These unusual structures are likely to be immunogenic. It remains to be established if these unusual N-glycans are released from the 58-kDa E/S product protein and if they are implicated in the immunodominance of the E/ S product protein. Future experiments applying alternative analytical approaches based on MS of E/S products glycopeptides may help in answering these questions. 
Material and methods
Parasites
G. intestinalis trophozoites of P1 strain (American Type Culture Collection, no. 30888) were cultured axenically in filter-sterilized TYI-S-33 medium (Keister, 1983) supplemented with 10% heat-inactivated bovine serum (Gibco, Grand Island, NY) in 15 × 125 mm screw-cap glass tubes at 37°C, subcultures were made at intervals of 48 h.
E/S proteins preparation
The E/S proteins were obtained by incubation of trophozoites in RPMI-1640 medium (Gibco) as described previously (Guy et al., 1991) . Trophozoites cultured from 48 h at 37°C in TYS-33 medium were rinsed with warm RPMI-1640 medium to eliminate TYI-S-33 medium and nonattached or dead trophozoites. The tubes were filled with RPMI-1640 medium supplemented with 11.4 mM L-cysteine HCl (Sigma, St. Louis, MO) and incubated for 6 h at 37°C. After incubation, the medium was centrifuged to remove trophozoites at 1200 × g for 20 min at 4°C. The supernatants were concentrated threefold from initial volume with Aquacide II (Calbiochem, France), filtered through a MILLEX-GS (0.22 µm; Millipore, Bedford, MA) aliquoted, and stored at -80°C until used. Protein concentrations were determined by bicinchoninic protein assay kit (BCA) according to the manufacturer's instructions (Pierce, Rockford, IL).
Reduction and carboxymethylation
The G. intestinalis proteins were dissolved in 500 µl of 600 mM Tris-HCl, pH 8.2, and denatured by guanidine hydrochloride (6 M final concentration). The sample was flushed with argon and incubated at 50°C for 30 min. The sample was reduced using dithiothreitol. The sample was again flushed with argon and incubated at 37°C for 2 h. After addition of iodoacetamide (5 molar excess over the dithiothreitol), the sample was flushed with argon and incubated at 37°C for overnight in the dark. The sample was then extensively dialyzed against 50 mM ammonium hydrogen carbonate at 4°C and lyophilized.
Tryptic digestion
The reduced carboxymethylated G. intestinalis proteins were digested with L-1-tosylamide-2-phenylethylchloromethylketone bovine pancreas trypsin (EC 3.4.21.4, Sigma) with an enzyme-to-substrate ratio of 1:50 (by mass); the mixture was incubated for 24 h at 37°C in 50 mM ammonium bicarbonate buffer (pH 8.4). The reaction was terminated by boiling for 5 min before lyophilization.
PNGase F digestion
PNGase F (EC 3.2.2.18, Roche Molecular Biochemicals, Indianapolis, IN) digestion was carried out in ammonium bicarbonate buffer (50 mM, pH 8.4) for 16 h at 37°C. The reaction was terminated by lyophilization, and the products were purified on C18-Sep-Pak (Waters, Milford, CT) to separate the N-glycans from the de-N-glycosylated peptides. After conditioning the C18-Sep-Pak by sequential washing with methanol (5 ml), water (5 ml), acetonitrile (5 ml), and 0.1% trifluoroacetic acid (2 × 5 ml), the sample was loaded onto the Sep-Pak and the glycans were eluted with 3 ml 0.1% trifluoroacetic acid.
Reductive elimination
Putative glycopeptides remaining after PNGase F digestion were subjected to reductive elimination (NaOH 50 mM, NaBH 4 1 M, for 24 h at 45°C) (Carlson, 1968) . Following termination of the reaction using acetic acid, the solution was purified on a column (7 × 0.5 cm) of Dowex 50 (8×; H + form). After lyophilization, borate salts were removed by repeated evaporation with methanol containing 5% acetic acid.
Glycosidase digestions
These were carried out on released glycans using the following enzymes and conditions: neuraminidase (from Arthrobacter ureafaciens, EC 3.2.1.18, Roche): 50 mU in 200 µl of 50 mM sodium acetate buffer, pH 5, for 48 h; β-galactosidase (from bovine testes, EC 3.2.1.23, Sigma): 25 mU in 200 µl of 50 mM ammonium formate, pH 4.6, for 48 h; N-acetyl-β-D-glucosaminidase (from jack bean, EC 3.2.1.52, Sigma): 0.2 U in 200 µl of 50 mM ammonium formate buffer, pH 5, initially for 24 h and then for an additional 24 h with a second aliquot of enzyme. All enzyme digestions were incubated at 37°C and terminated by boiling for 5 min before lyophilization. For sequential enzyme digestions, an appropriate aliquot was taken after each digestion and permethylated for MALD-MS analysis after purification on C18 Sep-Pak (Waters).
Permethylation of N-glycans
Permethylation using the sodium hydroxide procedure was performed according to Ciucanu and Kerek (1984) . After derivatization, the reaction products were purified on C18-Sep-Pak (Waters) according to Dell et al. (1994) .
Monosaccharide composition and linkage analysis
Partially methylated alditol acetates were prepared from permethylated samples for GC-MS linkage analysis as described previously (Albersheim et al., 1967) . Gas-liquid chromatography MS analysis were recorded using a Automass II 30 quadrupole mass spectrometer interfaced with a Carlo Erba 8000 Top gas chromatograph (Finnigan, Argenteuil, France). Electron ionization spectra were recorded using an ionization energy of 70 eV. Gas chromatograph was equipped with a CP-Sil 5CB/MS capillary column (25 m × 0.32 mm, Chrompack, France, Les Ullis, France) gas vector, and helium was at a flow rate of 2 ml/ min. The partially methylated alditol acetates were dissolved in methanol prior to on-column injection at 130°C. The GC oven was held at 130°C for 1 min before increasing to 180°C at 2°C/min and then to 240°C at 4°C/min.
For monosaccharide composition analysis, glycans were methanolyzed with 0.5 ml methanolic HCl at 80°C for 16 h, re-N-acetylated, and trimethylsilylated. The monosaccharide composition analysis was performed by GC on a Shimadzu gas chromatograph equipped with a 25 m × 0.32 mm CP-Sil5 CB low bleed/MS capillary column and 0.25-µm film phase (Chrompack) (Kamerling et al., 1975; Montreuil et al., 1986) .
MALDI MS
Spectra were performed on a Voyager DE STR Pro instrument (Perseptive Biosystem, Framingham, MA). Desorption and ionization were obtained with a pulsed UV laser beam (nitrogen laser, λ= 337 nm). The instrument was operated in the positive-ion reflectron mode throughout. Irradiance was used slightly above the threshold of ion detection. Acceleration and reflector voltages were set up as follows: target voltage at 20 kV, first grid at 66% of target voltage, delayed extraction at 200 ns. All spectra shown represent accumulated spectra obtained by 200 laser shots. Spectra were calibrated with an external mixture of isomaltosyl oligosaccharides containing 6-19 glucose units. The MALDI instrument uses a multichannel plate detector and, in order to preclude low-mass ions from saturating the detector, the ion gate was set at either 600 or 1000. Samples were prepared by mixing directly on the target 1 µl of oligosaccharide solution (about 10 pmol) and 1 µl of 2.5-dihydroxybenzoic acid matrix solution (10 mg/ml disolved in CH 3 OH/H 2 O; 50:50 v/v).
Electrospray MS
Structural characterization of methylated samples was carried out using electrospray ionization with an LCQ Deca XP + ion trap mass spectrometer equipped with a nanoelectrospray ionization source (Thermo-electron, San Jose, CA). Samples dissolved in a solution of 70% methanol and 1% formic acid were sprayed from a gold-coated "medium length" borosilicate capillaries (Protana). The spray voltage was 1 kV and the capillary temperature was 170°C. No sheath gas was used. The total ionic current signal was acquired for 1 min. For the generation of the MS n spectra, collision energies were set to 20-40% of maximum. The isolation width was set to 2 u. All experiments were performed in the positive-ion mode.
